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ABSTRACT

The study has been aimed to uncover the presence of polymorphism within the MTNR1C gene in native
chicken population, ‘Zo-ar’ of the Mizoram state of India and to calculate the allelic and genotypic frequency
to screen the variation present within the population with respect to the MTNR1C gene which is associated
with various egg production traits in poultry. DNA extraction has been done with the help of blood samples
collected from a total of 50 randomly chosen ‘Zo-ar’ chicken irrespective of age or sex from different regions
of Mizoram. The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay
has been used for the detection of SNPs within the MTNR1C gene. Two genotypes AG (0.34) and GG (0.66)
have been detected for the MTNR1C gene in the ‘Zo-ar’ chicken population while the AA (0.00) genotype
was found to be completely absent in the present study. The G allele (0.83) was found to be predominantly
present in the populations. Further, the population was found to be conforming to the Hardy-Weinberg
Equilibrium with respect to the MTNR1C locus. From the present study the presence of variation within
the MTNR1C locus was seen in the ‘Zo-ar’ chicken of Mizoram. This indicates the possibility of genetic
improvement in egg production traits by using proper selection methods and formulating appropriate
mating systems.
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Introduction

Melatonin (N-acetyl-5-methoxytryptamine) is a hor-
mone synthesized in the pineal gland having an im-
portant effect on various physiological and repro-

ductive processes along with controlling the circa-
dian rhythm of the body (Kharwar et al., 2011;
Trivedi and Kumar, 2014). Out of the three melato-
nin receptors, MTN1A, MTNR1B and MTNR1C the
latter is found only in birds and amphibians but not

DOI No.: http://doi.org/10.53550/EEC.2023.v29i03s.084



BORA ET AL S493

in mammals (Sundaresan et al., 2009). The melatonin
receptor 1C, MTNR1C (Mel1C or MT3) is a G-pro-
tein coupled receptor that binds melatonin. In poul-
try the MTNR1C has been found to be regulating
hibernation, feeding pattern, thermoregulation,
circardian rhythm along with neuroendocrine func-
tions (Courtillot et al., 2010). The MTNR1C gene was
also found to be present in granulose layer of cells,
ovaries and ovarian follicular fluid of birds suggest-
ing a possible role of melatonin and its receptor
genes on female reproductive process in domestic
chicken (Sundaresan et al., 2009). Also, the MTNR1C
gene and its polymorphisms has been reported to be
associated with age at first egg (AFE) and egg num-
bers at 300 days (NE 300d) in chicken suggesting it
as a candidate gene for economic traits (Li et al.,
2013; Feng et al., 2018; Tenzin et al., 2020).

The local chicken ‘Zo-ar’ of Mizoram are medium
sized birds (Lalhlimpuia, 2020) which are is scav-
enging in nature.  They are generally reared for both
games as well as table purpose by the local dwellers
production (Mayengbam et al., 2017). The body
weight gain of this local breed of chicken was found
to be superior to the body weights of breeds like
Naked Neck and Frizzle fowl. Whereas, the Hen
Day Egg Production (HDPE) percentage of these
native chickens was low, which have been thought
to be due to the persistent broodiness that effects the
overall egg production (Mayengbam et al., 2017).
Moreover, the average annual egg production of
these chickens was also found to be low, about 86.49
per year (BAHS, 2019). However, very little work
has been carried out to exploit the genetic potential
of these native fowls. Genetic selection when done
only for increasing the production capacity can re-
sult in the reduction of the innate ability of disease
resistance (Zekarias et al., 2002). Again, multitrait
selection in order to improve production without
compromising fitness which is an inborn advantage
of the native population is difficult to achieve with
traditional methods like that of phenotypic selection.
Thus, if attention is given on finding out information
on the genetic constitution with respect to genes re-
lated to egg production, body weight gain and other
economic traits, an overall improvement can be
achieved with respect to its increase in economic
importance.

Therefore, the main aim of this study has been
focused on the detection of polymorphism in the
MTNR1C gene in the local chicken ‘Zo-ar’ of
Mizoram. Observation of the genetic variation

present within the population and distribution pat-
tern of the different genotypes along with the avail-
able amount of heterozygosity has been done which
will help in determining the possibility of genetic
improvement in the population regarding egg pro-
duction and egg numbers.

Materials and Methods

Ethical approval

The methods and techniques used in the study fol-
lows the standard rule of animal ethics in the coun-
try and have been approved by the Institutional
Animal Ethics Committee (IAEC) of India. The ref-
erence number for approval is CVSC/CAU/IAEC/
19-20/P-21.

Chickens and Blood samples

Blood samples (1 ml) were collected randomly from
a total of 50 unrrelated, randomly chosen ‘Zo-ar’
chicken of Mizoram, India. The chickens were taken
from backyard reared flocks of the households in
different districts of the state viz. Kolasib, Mamit
and Aizawl districts. The samples were collected
aseptically from the wing vein in EDTA vials and
kept immediately in ice pack containers. Thereafter,
brought directly to the laboratory and stored at
-20 oC until further use.

Genomic DNA isolation, Polymerase Chain
Reaction-Restriction Fragment Length
Polymorphism

DNA was done from the samples using GeneJET
Genomic DNA Purification Mini Kit (K0782,
Thermo Fisher Scientific) following the attached
protocols that are provided with the kit. Quantity
and quality of the isolated DNA were done using a
Nanodrop Spectrophotometer (Thermo Scientific,
USA) and electrophoresis was done on 0.75% agar-
ose gel for checking any shearing of the extracted
DNA. The optical density ratio (OD260/OD280) of the
DNA samples was checked and only those having
an OD260/OD280 ratio of 1.7 to 1.9 were subjected to
further analysis for molecular and quantitative data.

A PCR mixture of 25 µL was prepared for ampli-
fication consisting of 10X PCR buffer, 200 µM of
each dNTPs, 5 pM of each forward and reverse
primers, 2U Taq DNA polymerase, 2mM of Mgcl2

and 60 ng of extracted genomic DNA. Forward
primer 5’- ggtgtatccgtatcctctaa -3’ and reverse
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primer 5’- gacagtgggacaatgaagt -3’ (Li et al., 2013)
were used. PCR amplification of the MTNR1C gene
was done using the following cycles : Pre Denatur-
ation at 95 ºC for 5 min, followed by 30 cycles of de-
naturation at 95 ºC for 45 sec, annealing at 61 ºC for
60 sec, elongation at 72 ºC for 45 sec and post exten-
sion at 72 ºC for 5 min. The obtained amplicon size
was 372 bp. The PCR products were then subjected
to RE digestion using MboI restriction endonuclease
enzyme by incubating at 37ºC for overnight. The
restriction enzyme digested products were then
separated for visualising the bands in 2% agarose
gel in 0.5 X TAE containing 1.0 µM ethidium bro-
mide and observed under UV trans-illuminator.
Photographs of the gel were taken using Gel Doc
system for further interpretation. The primers and
restriction enzymes used for PCR-RFLP analysis
have been mentioned in Table 1.

Statistical Analysis

The allele frequencies, genotypic frequencies were
estimated using the POPGENE 32 software (Yeh et
al., 1997) for population genetics analysis following
the given formulae:

D
Genotype frequency =

N

2D + H
Gene frequency =

2N
Where,
D = Number of individuals having the particular

genotype in the population

H = Number of the heterozygous genotype in the
population

N = Total number of the individuals in the popu-
lation

The tests for variation from Hardy Weinberg
equilibrium were performed using exact probability
(P-values) tests provided in POPGENE 32 version
from the genotypic frequencies obtained.

The observed and expected heterozygosity were
also calculated using the POPGENE 32 software.

The observed heterozygosity (Ho) has been calcu-
lated as the actual percentage of heterozygosity oc-
curring in the sample population.

number of heterozygotes
Ho = × 100

total number of samples

The expected heterozygosity or genetic diversity
was measured (Nei, 1972) by the formula mentioned
below,

He=1-P2
i (Where, Pi is the frequency of ith allele).

Results

The digestion of MTNR1C gene PCR amplified frag-
ment of 372 bp with the restriction endonuclease
enzyme MboI showed polymorphism in the locus,
by yielding only two different genotypes out of
three expected genotypes. The two genotypes were
AG (372, 333 and 39 bp) and GG (333 and 39 bp).
However, the genotype AA was completely absent
in this Mizoram local chicken population. Both the
genotypes AG and GG are shown in Figure 1. The

Table 1. Gene, PCR amplicon size, primer sequence, annealing temperature for PCR and restriction endonuclease
(RE) enzyme used for RFLP analysis.

Gene Primer sequence TA Product RE Incubation
(5´ - 3´) (°C)  size (bp)

MTNR1C F GGTGTATCCGTATCCTCTAA 49 372 MboI 37ºC
R GACAGTGGGACAATGAAGT overnight

Table 2. Genotypic frequency distribution and heterozygosity of MTNR1C gene

Parameters ‘Zo-ar’ chicken (n=50)

Genotypic Frequencies AA 0.00 (0)
AG 0.34 (17)
GG 0.66 (33)

2 value 1.96NS

Observed Heterozygosity 0.34
Expected Heterozygosity 0.28

n = Number of animals; NS = Not significant; the figures in parenthesis are the number of animals
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genotype GG was more commonly found with a fre-
quency of 0.66 in the population. On the other hand
the AG genotype had a frequency of 0.34. Moreover
the population was also seen to be in Hardy-
Weinberg equilibrium with respect to the MTNR1C
locus (Table 2). The G allele was most extensively
found with a frequency of 0.83 while the A allele
was with a low frequency of 0.17, which showed the
A allele was very scarcely present in the Mizo-local
chicken population (Table 3).

(0.06) chicken of Thailand (Tenzin et al., 2020). On
the other hand, in Earlang Mountain chicken (Li et
al., 2013), all the three genotypes were reported
where the heterozygote genotype AG was found to
have a higher frequency (0.64), followed by the GG
(0.19) and AA (0.17) genotypes. The predominance
of the G allele in our findings was found to be in
accordance with that in Noi chicken of Vietnam (Vu
and Ngu, 2016) where the G allele frequency was
found to be 0.74. In Earlang Mountain chicken too
the G allele (0.51) was found to be the major allele
(Li et al., 2013). Likewise, in Pradu Hang Dam
chicken (0.73) and Chee chicken (0.80) of Thailand
showed similar results of G allele predominance
(Tenzin et al., 2020).

In Earlang Mountain chicken (Li et al., 2013) sig-
nificant correlation of the MTNR1C genotypes was
found with production traits like age at first egg
(AFE) and total egg numbers (EN). The heterozy-
gotes AG had shorter AFE and higher EN as com-
pared to the other two genotypes. In two Thai native
chicken breeds namely, Pradu Hang Dam chicken
and Chee chickens (Tenzin et al., 2020), it was ob-
served the significant associations of MTNR1C
genotype (AA) with egg production traits. These
finding suggested that AG and AA genotype are
responsible for improved performance for economic
traits in chicken.

In the present study, presence of AG genotype in
medium frequency (0.34) revealed that genomic se-
lection may be useful for genetic improvement of
economic traits in this native chicken of Mizoram.

Conclusion

The present analysis may be concluded by asserting
that variation within the MTNR1C locus is present
in the ‘Zo-ar’ chicken population of Mizoram. Mod-
erate amount of heterozygosity and genetic variabil-
ity is present indicating the possibility of genetic
improvement. The absence of the AA genotype can
be confirmed by performing future studies. The
population was found to be in accordance with the
Hardy-Weinberg equilibrium suggesting the ab-
sence of selection with respect to egg production
traits and also absence of migration in the breeding
tract. Thus, the knowledge generated on the allelic
and genotypic distribution pattern in the native
chicken population can be used for future genetic
improvement of the population.

Table 3. Allele frequency of MTNR1C locus

Locus Allele Allelic frequency

MTNR1C A 0.17
G 0.83

Fig. 1. Genotypes of MTNR1C gene digested with RE
Mbol in 2% agarose gel Lane M: 100 bp gene ruler

The observed heterozygosity (0.34) was found to
be higher than the expected heterozygosity (0.28) in
the studieed population.

Disscussion

Similar reports of polymorphisms were found to be
present in the MTNR1C locus for different breeds of
chicken like Noi chicken of Vietnam (Vu and Ngu,
2016), Earlang Mountain chicken (Li et al., 2013),
Pradu Hang Dam chicken, Chee chickens of Thai-
land (Tenzin et al., 2020) and Shaoxing ducks (Feng
et al., 2018).

The absence of AA genotype and abundance of
GG genotype in our findings were in close agree-
ment with the results observed in Noi chicken of
Vietnam (Vu and Ngu, 2016) where the AA geno-
type was very rarely found (0.06) and the GG geno-
type was most abundant (0.54) among the popula-
tion which is similar to our findings. Likewise, the
AA genotype was found to be having the lowest fre-
quency in both Chee (0.08) and Pradu Hang Dam
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